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Fig. 1. Metabolic pathway of phenol degradation (meta-pathway).
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o HIARE BIde AL U W, R eurropha
IMP134 Wjoll X3 plasmid pIp42] F-3-oll B Exp {4
A ATt FHERLAE BT FYA ] #HEEs
gt 24718 g A77F ol #ES JEigly) ol H¥
Hog B Alwo) oA sisisl)e] 2d7)3e] v-% R34
AU T o}t Ak F 5 ATh18). FHA Kim 517y
B Alte] Q0TS o] 83t wiERs] fAAE Eelsiul
e AFEHen, E3t TCES Balshs 84S cloning¥he.
2R B Aol s &= flolx TCEE Ealishs Aide
M, 2 Esfisel digt 2495 2xEduE Aot Kim3? Harker
(18yE T3 B AlF-g gigoz miEoiale] iaude) Bdst
£ Ao 2 JeEPd DNATYE cloningdle] o] F-io] Fjiis)
a9 84S SHAEH FA QAR ZleE HERE
Ao 2 gigln} glct.

B A M= R eutropha IMP134 AT C2HE 2A7%5S

Table. 1 Bacterial strains and plasmids

Ralstonia eutropha IMP1340)A HsEs] 24770 B3 |7 261

H33he B9E subcloningdtd o[£ 714G £49 A
B ZHRYE positive regulatorZ 2HE5h= NeC Al 3
QIAKPhIR2)S} negative regulator?] STL 3= GnR AES =
HRJAZHPHIAYE codingdhe F7H9] ZARFAAR 4= s
Ao 2 LEhgTt :

Mz o gy

HiX| =4, ¥ ZF X plasmid

ol AFAAM A8E BE Escherichia coli, R eutropha,
Pseudomonas strains3} plasmidE-2 Table 10 A2lstFHct A3
o o]8d FFEL LB HiAl HES E. colic 37°CAIA, R
eutropha®} Pseudomonas strain® 30°Ce| A} 18k vigstdct F
2uiAle M9 BAQRL, Z44S T3 ZETh(per liter): Na,HPO,,
6g; K,HPO,, 3g NaCl, 05g NH/CI, 1g MgSO, - 7H,0,

Strains and Plasmids Relevant Characteristics References
Ralstonia eutropha
JMP134 Prototroph, Phl* Tfd" Hg" 24
AEO106 Prototroph, Phl* Tfd~ 9
Pseudomonas aeruginosa
PAOIc Prototroph 11
Plasmids
pMMB67EH Tac expression cloning vector with cloning sites of pUC18, Ap 6
pVK102 IncP, cos*, Km", Tc" U.SB co.
pRO1727 Cloning vector, Tc", Cb" 3
pRK415 The broad host ranged expression cloning vector, Tc' 22
pTZ18R Blue screening cloning vector, Ap” 18
pYK301 16.8 kb HindlII digest of AEQ106 DNA cloned into pVK102, phlR2*, phlH *, c230", Tc* 17
pYK3011 11.2 kb Hind-BamHI fragment from pYK301 cloned into pMMB67EH, phIR2™, phiH', c230", Ap” 17
pYK3027 7.5 kb Pstl-HindIll fragment from pYK3012 cloned into pTZ18R, phiR2", Ap 18
pYK3029 5.0 kb Psd-EcoRI fragment from pYK3027 cloned into pRO1727, phiR2", Tc" 18
pKSU101 3.1 kb BamHI-EcoRI fragment from pYK3029 cloned into pUC19, Ap” this study
pKSU102 0.6 kb BamHI-Sall fragment from pKSU101 cloned into pUC19, Ap” this study
pKSU103 0.5 kb EcoRI-Sall fragment from pKSU101 cloned into pUC19, Ap” this study
pKSU104 0.5 kb Pstl-Xhol fragment from pKSU101 cloned into pUC19, Ap” this study
pKSU105 0.65 kb Xhol-PsA fragment from pKSU101 cloned into pUC19, Ap” this study
pKSU106 0.95 kb Psil-EcoRI fragment from pKSU101 cloned into pUC19, Ap” this study
pYK401 2.9 kb BamHI-EcoRI fragment from pKSU3029 cloned into pRK415, Ap” this study
pYK402 1.6 kb EcoRI-Pstl fragment from pKSU3029 cloned into pRK415, Ap” this study
pYK403 2.5 kb EcoRI-EcoR1 fragment from pKSU3029 cloned into pRK415, Ap” this study
pYK404 2.0 kb BamHI-Psd fragment from pKSU3029 cloned into pRK415, Ap” this study

Phl~; deficient in phenol degradation, Tfd™; deficient in 2,4-dichlorophenoxyacetic acid degradation, Hg"; mercury resistant.
Gene designations: phlf]; phenol hydroxylase, ¢230; catechol 2,3-dioxygenase, pHLR?2; regulatory gene for phenol hydroxylase.
Antibiotics: Ap, Km, and Tc refer to ampicillin, kanamycin, and tetracycline respectively.
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0.246 g; CaCl, - 2H,0, 15 mg; phenol®] HF F=7} 0.05%7}F
=2 HrislEct = LB wixle] 248 og Z(per liter):
Tryptone, 10g; yeast extract, Sg; NaCl, S5g; 2% Agar. H] A
Ahgg A9l O s Oy BT Pseudomonas strain:
tetracycline (50 ug/mi), rifampin (150 pg/ml) for E. coli:
tetracycline (25 ug/ml), ampicillin (100 ug/m/), kanamycin (50 g/
ml). &3t B-galactosidase®] AJGARE A1 719]3] 5-bromo-
4-chloro-3-indolyl-B-D-galactopyranoside  (X-gal, 50 ug/mh=
IPTG (isopropyl-1-thio-B3-D-galactoside, 100 mM)E AM&-3}%1t}
THH competent cellS THE7] A8 Alde] FEw 42 YENB
WA S ARSI L 248 oS3 ZTHper liter) : Bacto
yeast extract, 7.5g; Bacto nutrient broth, 8.0g ¥
electroporation*] ARE-E= SOC viddel AL o537 2ot
(per liter) : Bacto tryptone, 20 g; Bacto yeast extract, 5g; NaCl,
05g, 025M KCL, 10mi; 1M MgClL - 6H,0, 10ml; 1M
MgSO, - TH,0, 10 ml; 1 M glucose, 20 ml.

DNAE2| ¥ cloning

Plasmid®] Z7]2 213}l cloningS 3171 913+ insert DNAS}
vector plasmid®] Ezlol= 100°Ce) B0 Hof 45 % U EF
Z(heat shockyS = boiling methodE AHE-5FJTH26). B7IA
g 4L 5] 9T £& 5L plasmidE F+&317] Hg U
2.2 20ml F719 Qiagen tip (Qiagen, Chatsworth, USA)S ]
B3k AL A AT AR il wt 28E THEA
o} Z4Zke] AFEAET ligase Promega AlollA A|F8= &
25T bufferS-S AFERCH, plasmidE-S £8)8}7] 93] DNA
Prep-Mate™1l kit (Bioneer, Changwon, Korea)S ©|-83}] 3JA}
N AT PO Z gel purification® AsI3FATE Ligation
gl %o A7|2 #U3A competent celld] DH5aoll 323t
A7) THE, LB/X-galIPTG/Ap™® HiX|ol] Tatale] 2ol et
(white colony)S A&t U3 t}A] plasmidE 2, L IA7]|E
53 cloningS elstgd

HI|IME BN

A71ME A4S 980 Qiagen tip Q0m) kitE plasmids &
23t Tl Mgdigta 7]2743+3F7]7]9Y DNA Sequencer
(ABI PRISM 377 DNA sequencer, Perkin Elmer, Norwalk,
USAYE ol-83t] @7|1Mge BAslqt.

SAEM R

Phenol hydroxylase®] B4 =32 Sala-Trepat 5(27)°] 41
3 Clark oxygen electrode® AMg3td ZAHS AT P aeru-
ginosa PAOLCE €tade Gl ZH2te] M9 HAwmRolA
el 9k~ 1(shaking incubator)Z 37°Coll Al vkl & =|4=43717] 2]
AltE 2ol MooZ 2 W A o Alitg EQith o A
TE 425mme] 3go)X 0.DFke] 1.00] HEE M9 A &
ggt §, ghhgo] JolglA] ¥EE 2 AIZF Bt 2Rl A

AT Al /9L electrode chamber (Gilson Medical Elec-
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tronics, Middleton, USA)A Y& o} Hlms FYsle] §2414
9] W3AHEE Clark oxygen electrode (YSI 5300; Yellow
Springs Instrument, Yellow Springs, Ohio, USA)YE ©]-83}d =

A5

AIM vlu, 24 ¥ olojcitlE EME 98 pro-
gram

229 @7INE vnE H8iA AUl A NCBI (National
Center for Biotechnology Information)®] BLASTE ©|-83} 7]
Zol 9137 DNA E7IMEE vl 48t F7]9] FAMIS
BIa3FATH DNA sequencerdl] olsf ¥4%¥ 2558 DNASIS
2R B Q7IMLE v, BAT AREAHAE
Aol o, Genedoc} Clustalw Z2 1S o] &3] iz
v g8 BTt

2

HEa fHA =EF I 2IX[&l H subcloning

16.8kb =719 cosmid pYK301L H=E3le & WA 2
F33HE phenol hydroxylase® A43hs F3AATS 713 Q)
tH17). Kim¥% Harker (18)= pYK301E5E pYK3029Ujel #Hl&
K)ol Z2d7)5 #ddhs DNARSZ SAStT U8 44
BTk B A7eAE pYK3ogdle] HEEd 2H715S Ad
7V5% open reading frame (ORF)?] EANRS E3}7) 43}t
o subcloningS 3331t 943 phenol hydroxylase®] 2-4-&
AAeh= HAE Fo F317] 8t pYK30295 bt 2712
A 5 B9 715 plasmid vectord] pRK4159) subcloning
'5}9\1‘:}(Fig. 2). Subcloning® Z}Z2}+2] plasmid—‘é*% phenol hydrox-
ylase®l FAA7F Solfle pYK30113 4 P aeru-ginosa
PAOLcol] EAlel HAMSAA Tao] AL SHSIAGD.

A

PYK301 2k T Gl § 5
PYK3011 L )
ey T B
m PHL activity
pYK401 B ¥ -
pYK402 £ b n
PYK403 B ¥ +
pYK404 [ +

Fig. 2. Phenol hydroxylase activity of P aeruginosa PAOlc with
various plasmids. PHL activity; Phenol hydroxylase activity when in
trans with pYK3011 in P aeruginosa PAOlc. EJ ; Putative negative
regulatory genes.
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pRK415%) subcloning®te] FZAZEAZ] 4 0] plasmidsEo) A
pYK401E A8t A 3742 plasmids, & pYKA402,
pYK403, pYK4049] 74-2-0ll3= phenol hydroxylase®] &4ddl o}
Y G FIAA e Ao JeldthFig 2). ol Wt p
aeruginosa PAO1cO A SB35 549 8428 sk 287
T Ad BE AL 1.7kbY] EcoRI-Psd B8 L33t o
3.0kb®] BamHI-EcoRl B30l EAlsl= Aoz FA=ch
wetd 2 AFolMe 3.0k BamHI-EcoRl 2-9E 9
0.5~0.7kb WZ HGSt 5 ©)E subcloningdte] Fako & g7)
Hag sersar.

HEEsaddt =FHTPee] 7iMnler 3! chyEl djed
H)REN

pYK402ul&] 3.0kb BamHI-EcoRl 8% ¢F 0507 kb2
HAg 5 o] pUCI9ol subcloningdt 3 Holzl plasmidsS
universal primersE ©]-83} WE YFOZ sequencingS 3
st GrIMEE Telslsdti(Fig. 3). A7IM g BN B
DNA Aol 2H0xt2 A== 2709 ORFs (ORF1 and
ORF2yF EAIEAL Ql5-& 23IACh ORFI1Y] 3% 8 /el
ZAAEZ T4 phenol hydroxylase -F-AZ59] 7134 TEE ¢
A8 phix2] stop codonS ZHRE] 454 bp HolFl FellA] A|Rs}
o 1506 bpoll o)2Fl o o)o)| Pl 501 7)) obu]=At u)
g2 7A=Y Ide ROE YEth ORF2E ORFIY stop
codonl-EHE] 1bp HFA A|=38te] ORF12) stop codon
THE glom 699bpe} A7k 232709 opElAte® T
450} 3l Fog JElkTHFig. 4). 3 °]5 F ORFsll ]
o wdate) ofmmdt mlde) RAMIS ZAVSE BTl
w2 ORF19] 7% transcriptional activatord] NaC Alge] 1

F2% & 24 JeElATE ORF1& phenol hydroxylase
o FEFRHA U EA8le 5YUALY] PhIRE HIE S
XyR (13), DmpR (29), PoxR (10) 59} u}akZ35la2.0] Hajo

E g z
Z Eoz ¥ z g
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S z - = %
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Fig. 3. Subcloning strategy of pYK3029. Arrows indicate the direction
of DNA sequencing. [ ]; Site was delete by S1 nuclease.
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GGATCCCACCAGAATATCGAGATTGGACCCACCACCTAACAACGGGGGACGCACGCCGTGGAAGC
CAAGCTCAGTTACCCTCCGAATGCCGATCTGCGGCACCTCCTGCGCTTCGATCCCGAGAGCGGCG
CCATCTGGCTGGGCGAACGCCGCATGCTGCTCCTGCATACTGCCGCACTGAGCGGCCTGAGGCAG
GACCTG. ATCCA’I'I‘CGGTGGGCCCCG’I‘ GCACGCGCGCAGACT

GCTCACGLG GGA TAT C TCT GGC CGG CGC GAC GCT GAA TTT GCA
phiR2 start -» G Y A S G R A
G G ACG CGC %GT GCA CTC TCG CTC GDAC GCC GCA TgC C'I';G GTC GgG

R T T R A L S L A A v
CCG CAA CTG CAC ATG CTC GAA GGC GCT GCG TGT GTG ACG CCG ATC CAA
P L H M L E G A A C v T P 1 Q
CTC GAT TTC GAC GCC GCC ACA GGC CGC TTC TCC GGA GAA TTC CGT TGG
L D D A A T G R F S G E F R w
GAC AAC TCG CGG GAA GGC TAT GCC CAC CGG CAC GCC TTC GGG CTC GCG
5 R Y A H R H A F G L
GAA ACG CCT GCC TGC TGG GTT CTG CTC GGA TAC GCC AGC GGC TAC ACG
E T P c w v L G Y A T
AGT GCC TTC ATG GGC CGC CTC ATC GTC TTC AAG GAA ACA TGC TGC GCG
S A F M G R L 1 v F K E T C C A
GCC TGC GGC GCC GAC CAC TGC CAG ATC GTT GGC CGG CCT GTC GAC GAA
c A D C Q 1 v G R P v D E
TGG CCC GAC GCC GCC GAA CAG CGC CAG TAC TTC GAG GAC GAT TCC CTT
W P D A A E Q Y F E S L
CTC GAC ACC ATC GCC GCG CTC AAC GAG CAG GTG CAG GCG CTG GTG ACG
L D T ! A A L N E \ Q A L v T
ACC ATC GAG TCA GCA GGC GAG CCG GGG ATC TCC GCC GGC ATG CTT GTC
T i E S G E P G 1 S A G M L \i
GGC GCC TCG CCC GCA TTC CAG GAA GCC CAC GCG TTG TTG AAC CGC GCC
A P Q E A H A L L N R A
GCC GCC ACG CAG GTG ACT GTA TTG CTG ACC GGC GAG ACG GGC GTG GGC
A T Q v T v T E G
AAG GAA CGC TTC GCC CGC GCC TTG CAC CAA GGA TCG GCC CGC GCC GGC
K E R F A R A L H q G S A A G
GGT CCC TTC ATC GCC GTC AAC TGC GCC GCG CTG CCC GCT GAC CTG ATC
G P F 1 A v N C A A L P A D 1
GAG GCC GAA TTG TTT GGC GTC GAG CGG GGG CGC CTC ACC GGC GCG CAC
E E G v E R G R L T G A H
GTC AGC CGC AGC GGC CGC TTC GAG CGG GCA GAC GGC GGC ACG CTC TTC
v S G F E R A D G G T L F
CTC GAT GAA GTC GGC GAC CTG CCA CTG CCG TTA CAG GCC AAG GCT GTA
L D E v G D L P Q A A v
CGC GTG CTG CAG GAC GGC GAG ATC GAG CGC CTC GGC GCG GAG ACC GCG
R v L Q D G B E R L G A T A
CGC AAG GTC AAT GTG CGC CTC GTC ACG GCA ACG AAT GTC GAC CTT GAG
R K v N v R L v T A T N v D L E
GCA GCA GTG TCG CAG GGA CGG TTC CGG CGC GAC CTG TTG TAC CGA CTA
A A v S Q G D L L Y R L
AAC GTC TAT CCG ATC TGC ATT CCG CCA CTG CGC GAG CGA ACG GCC GAT
N v Y 1 C 1 P P E T A D
ATC GAG CCA CTG GCG AAC CAC CTG CTG GCG CGC TTC AGC GGT CCC ACC
1 E P A N H L L A R F S G P T
AGA AGC GCC TTT CCG GGA TTA GCG AAC GCG CTT ATG CAG GCG CTC GTG
R S A P G L A N A L M Q A L v
CIAC CAC GAT TGG CPCC GGGC AAC GgG CGT GAA C’II:C GAG Aﬁ\c C’II:G A'I;C Gl/ZXG
E
CGC GGT GTC ATC CTT TCG TCG CAA GGT GGA ACC ATC GAA CTG GAA CAT
R G v 1 L S S Q G G T I
CTC TTT CCG CAC CGG %CA CCG Gé}G A]TA CAG GCA ACG G$A AGC GiG AEA
L F P T
GGC CGG CTG GCG CCG GTG CGG CCG GAC AGC GAG CAG GCC CTC TGC GTG
G L P R D S E A L C v
CGC ATT CTC GAT AGC GGG CTC AGC TTG GAA TCG CTG GAG AGC CAG CTT
R i L D [9) L S L s L E S Q L
CTC GAG CTT GCC GTC GAG CGC GCC GGC GGC AAC CTG TCA GGC GCG GCG
L B L A v E R A G L G A
CGG CAC CTC GGC CTG ACC CGC CCG CAA CTG GCC TAT CGC CTC AAG CGC
R H L G P L A Y R L K R
phlAGat It =

CAA GAG GAC AAA GAC AGC GAA CA GCC GCC AAA CGC CGC AGC
Q E D K D s A A K R R S

phiR2 stop
GCC CGC GAC AGC GTG CCA GAC GAC CCT CGG CCT CCC GAG CCC TTC GCG
A R D S P D D P R P E A
CCG CGC ACC CTG TGC GAG CGC GCC TAT CTT CAA TTG CGG CAG GAC ATC
P T L R L Q L R Q D 1
GTG CAG GGA CGC ATC AGC CCC GGC GAG CGC CTG CGG GTC GAA CAC CTC
v Q G R 1 S G L R v £ H L
QAG (DSAT CRGC ¥AT CAA GVTG GGT GCC GGC ACG CI:TG CGA Gé\A TCC CE‘G G(i\G
ETG CTT %TG TCC GDAT GACC CTT GTG ACC GTT GAA GGC CAG C(I%G G(G;A Té\C
L G
EGG GTC é_\l‘CG (f\CG ATC 'gCG CTG GDAC GAC CTG CAG GAT CTC ACT GAC A(_i“G
v Q D
CGG GTG CGG TTG GAA ACT GAA GCG CTT CGT CTT TCC ATT CGC TAC GGC
R v R L B T E A L R L 1 R
GAC ATG CAA '];’536 GAA GACG CSG TTG CRGG (;CG TCG TTC GSC AQC CTC AGA
M
GCC TCG GAG GCC CGT GGC CGT CGG CGG ACC CGG CCC GGC TGG GAG CAG
A S G_R R R P G W E Q
GCC AAC CGG CGC TTT CAT GAA GCC CTG ATC GCC GCG CAC CGC TCG CCG
A N R R F H A A H R S P
’yI“'GG .gGT CQAA TAT CTG CTG AAG CTC CTT TAC CGT C}?C GGG GI;A:A CGC TAC
CGG CAC GTT GCC ATC CGC CTC GGG ACG AAC CAA TCA GTC TCC CGG AAA
R H vV A 1 Q s vV s R K
GTG gAT %AG (éAA SAT GACG cTC AITC TTC GE{\G GCC GCC GTG GCG CGG C%A
A A
GGA ,St\GC ?‘CG CcGC ’EGC GACT CGC f_\rC’I‘ GGA GGC ATQA TAT TCG CCT TAC CTA
Y
GTTTCTGTCGAGCGCGCGAATTGAAATGTAAGCACCCGGCAGCGACTTATTGCCA
TCTG GAT AGAAAAACGGGGGGTACCTGGTGGGCCGATTTCGATATTAGCGCCCGCCCCCCGA
CCGCTGCGAGAACTCGGTTCGACGGTTGATATCGTGCGGCGGACGACCTGCTCCGCTCAACGGT
GAGTTGATCAAGCCGGGATATGCGCCAATGGAAGGTAACCCTGCGCTTTTGCCCATTCGGGATT
CGACGGCAACATTGTGTTTCTACTCCCTGAGGGCCGCAATATCAGGATAGTGGGCCAGTGGTCG

CCGGAGTTATCGGCAAGCACAAGTTCATTTTCG. GTGGGCTTTGGCGTGGAATCACTGGC
CGTTGTTI‘TCAACACTCGTACTGGGAAAACCC’I'I‘GGGTTACCCAACATAATTTCCT’I'I‘CGAGAA

Fig. 4. Map of the 3.1 kb insert in pKSU101 showing the relative
positions of the pAlR2 and phiA genes. Thick letters indicate the amino
acid alignment of phIR2 and phiA. Boxes indicate start and stop
codons of phIR2 and phiA.

rlo

FHAE NorC ALY transcriptional activatorS3 =& AL
Hol3rkFig. 5). olol M2} ORF1¢) #AH §-AAS phiRe)
F& o]o] phiR2E} HHEEACE ORF20 thE+ 34 ofm|imAke]
#4147 BphR (5) 5 negative ZIAAFZ &R GoR family
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Re_PhlR2 szQALCVRﬁasﬁv
Rs_PhIR SEASEAES---PPSAREGRP-
Pr_¥Y1R N ”Egg.ssn~‘serQ§§a
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Bs_PhnR RAGSSGIGRTGALESASVANPSHQS LVEHEEN
Ab_NtrC AQPVEEPHRGLSAAPERHLEDYFAAHKDGHES

Kor. J. Microbiol

QAATLAAPE
DIQVVRGLE

Fig. 5. Amino acid alignment of putative PhIR2 with other proteins. Identical amino acids are shown in white point on a black background. The
origins of the sequences were as follows; Re, R. eutropha; Pp, Pseudomonas putida; Rs, Ralstonia sp.; Ps, Pseudomonas sp.; Ab, Azospirillum
brasilense. Helix turn helix motifs and ATP binding motif are indicated in boxes.

Re_Phla - 5 PREPEDE] : 40
Bc_BphR : - L KSE, VpL : 43
Ct_hphS B 88 -E8ESSGGE ¢ 27

Ps_Bphs : MTOODOAFLTRLVIERGWPHGHWOR PMBGRKRRRYQL RSP 50
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Ct_AphS
Ps_BphS

Re_PhlA 140
Bc_BphR
Ct_AphS
Ps_BphS
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127
150

Re_PhlA
Bc_BphR
Ct_AphS
Ps_BphS
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200

Re_PhlA
Bc_BphR
Ct_RAphS
Ps_BphS
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2490
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Re_Phla
Bc_BphR
Ct_Aphs
P5_Bphs

Re_PhlA
Bc_BphR
Ct_AphS
Ps_Bphs

Fig. 6. Amino acid alignment of putative PhlIA with other proteins.
Identical amino acids are shown in white point on a black background.
The origins of the sequences were as follows; Re, R. eutropha; Be,
Burkholderia cepacia; Ct, Comamonas testosteroni; Ps, Pseudomonas
sp. Helix-turn-helix DNA binding motif at N-terminal region, which is
a typical characteristics of the members of GntR family, is indicated in
box.
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ABSTRACT: Subcloning and DNA Sequencing of the Phenol Regulatory Genes in Ralstonia eutropha

JMP134

Keehwang Kim, Subramanian Chitra', and Youngjun Kim* (Environmental Biology, Divi-
sion of Life Science, Catholic University of Korea, Pucheon 420-743, Korea, ]Department of
Microbiology and Immunology, University of Michigan, Ann Arbor, MI, USA)

In this study, chromosomal DNA fragment related to the regulation of phenol metabolism in  Ralstonia eutropha
JMP134 was cloned and sequenced. The result has shown that two open reading frames (ORF1 and ORF2) exist
on this regulatory region. ORF1, which initiates from 454 bp downstream of the stop codon of the phenol
hydroxylase genes, was found to be composed of 501 amino acids. ORF2, whose start codon is overlapped with
the stop codon of ORF1, was found to contain 232 amino acids. The comparison of amino acid sequences with
other proteins has revealed that ORF1 belongs to the family of NirC transcriptional activator, whereas ORF2
shares high homology with the family of GntR protein, which is known to be a negative regulator. ORF1 and
ORF2 were designated as a putative positive regulator, phIR2 and a negative regulator phiA, respectively. Pos-
sible regulatory mechanisms of phenol metabolism in this strain was discussed.



